Bilirubin oxidase (BO) from Myrothecium verrucaria (authentic BO) catalyzing the oxidation of bilirubin to biliverdine was overexpressed in the methylotrophic yeast, Pichia pastoris. The cDNA encoding BO was cloned into the P. pastoris expression vector pPIC9K under the control of the alcohol oxidase 1 (AOX1) promoter, and its protein product was secreted using the Saccharomyces cerevisiae α-mating factor signal sequence. The productivity of recombinant BO (rBO) in P. pastoris was approximately 5000 U per 1 liter of culture broth, being about 2.5-and 250-fold higher than rBO expressed in Aspergillus oryzae and S. cerevisiae, respectively. The calculated molecular mass of rBO consisting of 538 amino acids was 60493 Da, however, that of SDS-PAGE was 66 kDa because of non-native type N-linked sugar chains. The spectroscopic properties of rBO were typical of multicopper oxidase containing 4 Cu ions per protein molecule. The specific activity to oxidize bilirubin was 57 U/mg, having a value about twice that of authentic BO and rBO expressed in A. oryzae.
Introduction
(Takara Biochemicals). The filter was incubated overnight with the probe at 65°C in a hybridization solution containing 5% blocking reagent (Roche, U.S.A.), 0.15 M NaCl, and 0.1 M Tris-HCl, pH 7.5. After hybridization, the blot was treated with anti-DIG Fab fragment AP conjugate and detected with nitroblue tetrazolium/5-bromo-4-chloro-3-indolylphosphate solution using DIG Nucleic Acid Detection Kit (Roche).
Expression and purification of rBO in P. pastoris
A single P. pastoris colony was inoculated into 4 ml YPD medium in a test tube and cultured overnight at 30°C with shaking. The pre-culture was transferred into 100 ml YPD medium supplemented 3 x 10 -5 % CuCl 2 in a 500 ml 
Enzyme and protein assays
The bilirubin oxidase activity of rBO was determined as described previously by measuring the decrease in absorbance at 440 nm (14) . One unit was defined as the amount of enzyme that oxidizes 1 µmol of bilirubin per min.
To study substrate specificity, 0.2 mg of various substrates was reacted with Lane 1, untransformed control (P. pastoris GS115); Lane 2, the strain resistant to 0.5 mg/ml G418; Lane 3, the strain resistant to 1.5 mg/ml G418; Lane 4, the strain resistant to 3.0 mg/ml G418. 
